The important experimental advances in graphene fabrication and its peculiar transport properties motivated researchers to utilize graphene as a potential basis for the next generation of fast and smart electronic devices. In this article, we investigate the influence of a potential substrate on the transport properties of a biased AA-stacked n-p-n bilayer graphene junction (AA-BLG). Using the Dirac Hamiltonian with the transfer matrix approach we obtain the transmission probabilities and thus the respective conductance. In the presence of the induced mass-term the energy spectrum and the intra-cone transmission drastically change while the inter-cone transmission remains zero. On the other hand, the bias slightly alters the energy spectrum but it significantly affects the transport properties due to its ability to switch on the inter-cone transmission. In addition, we find that Klein tunnelling is attenuated in the presence of the induced mass-term which can improve the carriers confinement in such configurations. Our findings provide possible experimental measurements to determine the interlayer coupling and the induced mass terms in graphene bilayer based on conductance and band structure measurements.
I. INTRODUCTION

Since its experimental realization in 2004
1 , graphene and its multilayer systems have triggered an avalanche of interest due to its remarkable electronic, optical and mechanical properties. Such extraordinary properties make graphene a promising material for nanoscale device applications in the future such as its potential use in sensors, detectors, electronics, ...etc [2] [3] [4] . . Bilayer graphene exists with two different types of stacking, namely, AB-(Bernal) and AA-stackings (AB-BLG and AA-BLG). Due to the stability of AB-BLG, it has been subjected to considerable theoretical and experimental investigations [5] [6] [7] . Albeit the old belief in the instability of AA-BLG, recent stable samples were successfully realized. [8] [9] [10] [11] . Pristine AA-BLG has a linear gapless energy spectrum which has attracted considerable theoretical interest [12] [13] [14] [15] [16] [17] . Different investigations on AA-BLG have been performed such as spin Hall effect 18, 19 , doping effects 20 , dynamical conductivity 21 , tunneling through electrostatic and magnetic barriers 22, 23 , magnon transport 24 , and the influence of spin orbit coupling on the band structure 25 . A recent work also studied the tunneling through an array of electrostatic barriers considering a mass term in the system without a bias 26 .
Because of the so-called Klein tunneling of Dirac fermions there is no complete confinement in graphene. One way to overcome this problem by introducing a band gap in the energy spectrum which can be achieved, for example, using slow Li + ions or perpendicular electric field in single-layer graphene and AB-BLG, respectively 5, [27] [28] [29] . Additionally, it has been observed that substrates can also play a major role in the electronic confinement of single layer graphene due to the substrate-induced band gap of the order (20 − 500) meV [30] [31] [32] [33] [34] [35] [36] . The width of the band gap depends on the mass term induced by the substrates whose magnitude can be of the order (50 − 100) meV depending on the type of the substrate 37 . Recently, a study showed that Hall phase can be realized in gapped AB-BLG when mass terms are considered in both layers 38 . Such mass terms are induced by dielectric materials such as hexagonal boron nitride (h-BN) or SiC.
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on intra-and inter-cone transport of biased AA-BLG. Considering the mass term to be the same in both layers of AA-BLG leads to opening a gap around the lower and upper cones whereas the whole spectrum remains gapless. The presence of a mass term can greatly affect the intracone transport. However, the total conductance of the system remains almost unchanged. Biasing the two layers of AA-BLG allows inter-cone transition due to coupling the upper and lower cones. We also found that including a mass term in the system can significantly attenuate Klein tunneling in AA-BLG systems.
II. ELECTRONIC MODEL
Single layer graphene has a hexagonal crystal structure and comprises two atoms A and B in its unit cell whose interatomic distance is a = 0.142 nm and its intra-layer coupling is γ 0 = 3 eV 39 . In the AA-stacked graphene bilayer the two single layer graphene are placed exactly on top of each other such that atoms A 2 and B 2 in the top layer are located directly above the A 1 and B 1 atoms in the bottom layer with a direct inter-layer coupling γ 1 ≈ 0.2 eV 40 , see Fig. 1 (a). The energy spectrum with and without the mass term are shown in Figs. 1(b, c) , respectively. We see that the mass term introduces a gap in the vicinity of the upper and lower cones. Notice that the whole spectrum remains gapless unless the mass-term amplitude exceeds the inter-layer coupling. The continuum approximation of the Hamiltonian which describing electrons near the Dirac point K in AA-BLG taking into account the mass term reads
whereπ ± = (p x ± τ p y ) is the momentum operator and p x,y = −i ∂ x,y . The substrate effect is represented by the mass-term whose amplitude is ∆ 0 = (∆ 2 + ∆ 1 )/2 where ∆ 1,2 denotes the mass term in the first and second layer, respectively. Note that we here assume zero interlayer mass-term difference which requires ∆ 1 = ∆ 2 . v 0 = (v 2 + v 1 )/2 and δ = (v 2 − v 1 )/2 describe the electrostatic potential strength and the bias, respectively, subjected to region II whose width is d and can be modulated by external voltage gates as shown in Fig. 2 
Introducing the length scale l = v F /γ 1 , which represents the inter-layer coupling length l ≈ 3.3 nm, allows us to define the following dimensionless quantities:
As a result of the translational invariance along the y direction, the momentum along this direction is a conserved quantity and, hence, the wavefunction in the new basis can be written as
where † stands for transpose. From Schrodinger equation HΨ = EΨ, one obtains four coupled differential equations that can be reduced to a single second order differential equation for φ 2 as follows
where 
Energy spectrum of AA-stacked bilayer graphene for v0 = 0 and with (a) zero mass, (b, c, d) finite mass terms that is smaller, same and larger than the inter layer coupling γ1, respectively. Dashed orange and black curves correspond to the same system with (δ = γ1) and without a bias, respectively.
as
From Eq. (4), it follows that the energy spectrum for the system is given by
where ξ = ±1. In Fig. 3 . We show the energy spectrum of the AA-BLG for different values of the system parameters. Pristine AA-BLG has a linear energy spectrum with two up-down Dirac cones shifted by ∆E, which is 2γ 1 in this case as shown in Fig. 3(a) by the solid black curves. When AA-BLG is subjected to a perpendicular electric field (biased AA-BLG) the two Dirac cones are slightly shifted and located at v 0 ± γ 2 1 + δ 2 , see dotted-dashed orange curves in Fig. 3(a) . Fig. 3(b) is the same as Fig. 3(a) but in the presence of mass-term amplitude ∆ 0 = 0.5γ 1 and the spectrum exhibits a shift ∆E m = 2∆ 0 in the bands in the vicinity of the upper and lower Dirac cones. Note that the whole spectrum remains gapless. When the mass-term amplitude is the same as the interlayer coupling, i.e. ∆ 0 = γ 1 , the spectrum becomes parabolic and resembles that of pristine AB-stacked BLG. The two lower bands touch each other at E = 0 while the other two are spaced from the zero energy by 2γ 1 , see Fig. 3(c) . Considering the mass-term amplitude that exceeds the inter-layer coupling results in opening a direct gap in the energy spectrum of magnitude 2(∆ 0 − γ 1 ) as shown in Fig. 3(d) .
To calculate the transmission probabilities, the desired solution in each region must be obtained. Then, implementing the transfer matrix together with appropriate boundary conditions gives the transmission and reflection probabilities [41] [42] [43] . The different possible intra-or intercone transitions processes through the junctions are described in Fig. 2(b) . The zero temperature conductance can be calculated using the Büttiker's formula 44, 45 
with (i, j) = ±, T j i represents the transmission probability of a particle incident from the mode k i (subscript i in T j i ) and transmitted to the mode k j (superscript j in T j i ), while L y defines the length of the sample in the ydirection, and G 0 = 4 e 2 /h. The factor 4 comes from the valley and spin degeneracy in graphene. The total conductance of the system is the sum through all available channels.
III. RESULTS AND DISCUSSION
In this section, we first analyze the Fermi energydependent behavior of intra-and inter-cone transport. In the absence of the bias only the intra-cone transport is allowed which conducts through the channels T 
Notice that the total charge carrier transmission of the system is non-zero in these energy ranges. To examine thoroughly the effect of substrate on Klein tunneling, we show in Fig. 5 the transmission probabilities of the lower and upper cones for normal incidence. In panel (a) we assume that the substrate induces a mass-term of magnitude 0.3γ 1 while it is doubled in panel (b). We see that the transmission probabilities display different behaviours in this case. Of particular importance we notice that the Klein tunneling is attenuated and rather resonances appear in the transmission probabilities as a results of the finite size effect. These so called Febry-Pérot resonances 44 coincide with the energies given by
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[Degree] where α = (+, −) is the cone index associated with (lower, upper) cones and ± stands for electron-and holelike states corresponding to each cone. We superimpose these resonant energies as dashed black curves in Fig.  4 . Note that equation (8) is valid for any angle in contrast to the AB-BLG where its validity only holds for normal incidence. We know that, for normal incidence, the presence of Klein and anti Klein tunnelling in single and AB-BLG, respectively, is a direct consequence of the pseudo spin conservation in the system. This means that in AA-BLG the backscattering is not forbidden and a non-zero reflected current can appear at certain energies when considering a mass term. Moreover, the intra-cone transport along the normal incident direction shows a rapid decrease in the vicinity of both cones (inside the barrier, i.e. E = v 0 ± γ 1 ), see Fig. 5(a) . This decrease can reach zero when a large mass-term amplitude is considered as shown in Fig. 5(b) . In Fig. 6 we show the intra-cone transmission as a function of the massterm amplitude and the incident angle for a certain energy. For a specific energy, the role of the mass term in the lower and upper cone transmission are distinct as reflected in Fig. 6(left panel) . The lower cone transmission channel T mass-term amplitude or large incident angle. While the charge carriers can still conduct for wide ranges of energy and mass-term amplitudes through the upper cone channel T − − . In Fig. 6(right panel) we show the transmission probabilities, associated with each cone, along the normal incidence direction which clarify the suppression in lower cone transmission for large ∆ 0 .
The main role of the bias δ in the cone-transport can be deduced from the Hamiltonian in Eq. (1), after performing a unitary transformation, where it couples the lower and upper Dirac cones leading to the inter-cone transport 46 . To investigate the inter-cone transmission induced by the bias (δ = 0) we show the density plot for the different channels for ∆ 0 = 0 (0.3)γ 1 in the left (right) panel of Fig. 7 . The transmission profile in Fig.  7 (bottom panels) shows clearly that, due to the bias, scattering between the upper and lower cones T Fig. 7(right panel) . In contrast to the intra-cone transport, it is observed that regardless amplitude strength of the mass term, the inter-cone transport channels T − + (T + − ) show a significant transmission in the vicinity of lower and upper cones (inside the barrier) as depicted in Fig. 7(right panel) . This can be understood from the bands in Fig. 2(b) . For intra-cone channels, for instance T + + , around the lower cone there are k + (red band in Fig. 2(b) ) propagating states outside the barrier but they are absent inside the barrier within the same range of energy. Hence, a gap in the intra-cone channels arises in the vicinity of lower and upper cones. On the other hand, the non-zero transmission associated with the inter-cone channels in the vicinity of the Dirac cones is a manifestation of the availability of states with opposite parity inside the barrier. For example, in the channel T − + the incident charge carriers coincide with the k + mode and jump to states whose mode is of opposite parity, i.e. k − . The presence of the k − inside the barrier in the vicinity of the lower cone, inside the barrier, leads to a significant tunneling in the channel T − + . The same analogy also applies to the channel T + − .
In Fig. 8 , we show the intra-(solid black) and inter-(dashed brown) cone transport along the normal incidence direction as a function of the bias for a certain energy. The intra-and inter-cone transport show a certain complementarity such that a maximum in first one coincide with minimum in the latter one as can be seen in Fig. 8(a) . Such behaviour is a manifestation of Klein tunneling being preserved which enforces the total transmission of each cone to reach unity at normal incidence. This means that for the lower cone we need T . However, the equivalence in the inter-cone channels is still obtained as can be seen in Figs. 8(b,  c) (brown dashed curves) which is a result of the valley degeneracy 42 . Note that the observed complementarity in the intra-and inter-cone channels is also lost as shown in Figs. 8(b, c) .
The total conductance of the system as a function of the Fermi energy is shown in Figs. 9 (a,b) for zero and finite mass-term amplitude, respectively. Without bias and by comparing solid black curves in panels (a) and (b), we find that the behaviour of the total conductance remains almost the same. This means that even though the mass term has a significant impact on the intracone transport, the total conductance remains almost unchanged when considering the small mass-term amplitude. Note that these two channels, T + + and T − − , cannot be distinguished experimentally. In other words, the measurements will give the total transport of both channels and as a result the effect of the mass term on individual channel cannot be observed. However, the presence of the mass term reduces the overall conductance as indicated by the horizontal dashed green lines in Figs. 9(a,b) . In contrast, biasing the system (δ = 0.5γ 1 ) 47 leads to a considerable increase in the overall conductance as clarified by the brown dashed curves in Fig. 9(a,b) . We note also that the conductance gets very pronounced as a result of the extra inter-cone channels activated by the bias. The extra peaks appearing in the profile of the conductance with bias are attributed to the fringes in the lower cone channel (see T + + in Fig. 7 ) as a result of the finite-size effect.
IV. SUMMARY
In summary, we have theoretically investigated the quantum transport across a biased AA-BLG n-p-n junction. In the presence of an induced mass-term, the intracone transport is almost completely suppressed in the vicinity of the upper and lower cones. However, the system remains gapless and the behaviour of the total conductance remains almost the same when considering small mass-term amplitudes. The results also show that the inter-cone transport can only be induced and modulated by introducing a bias. As a result of the induced inter-cone transport, extra resonances appear in transmission profiles of the lower cone which appear in the evanescent modes regime of the upper cone. In general, the bias enhances the overall conductance in the presence or absence of the induced mass-term. Such increase in the conductance, especially for large energies, is attributed to the additional inter-cone channels that can be accessed in the presence of a bias. In contrast to the normal incidence in AA-BLG junction, where we observed an attenuated Klein tunneling in the presence of the mass term.
It is our hope that the results in this article will provide a path for the electrical control of quantum transport in biased AA-BLG-based electronic device taking into account the substrate effect.
